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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/E POO/04397 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 

1-3,12,14 as originally filed 

4,4a,5-1 1,13 as received on 28/03/2001 with letter of 21/03/2001 
Claims, No.: 

1.19 as received on 28/03/2001 with letter of 21/03/2001 
Drawings, sheets: 

1 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-18 

No: Claims 

Inventive step (IS) Yes: Claims 1-18 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-18 

No: Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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V- Reasoned statement 
Novelty 

1 . Claim 1 relates to a process of producing a hydroprocessed product and 

hydrogen from a hydrocarbonaceous feedstock which comprises subjecting the 
feedstock to a catalytic hydrocracking treatment using hydrogen at least partly 
produced from the hydrocracked feedstock, the amount of hydrogen produced 
being in excess of that required by the process. 

This subject-matter is novel over the prior art disclosed in US-A-3 224 958, or Dl , 
and US-A-3 463 61 1 , or D2, both having been cited in the Search report as well 
as in the application itself. 

D1 discloses a process where feedstock is catalytically hydrocracked, the effluent 
passing to a separation zone where hydrocarbon product is separated and a gas 
rich in hydrogen is separated, passing to a partial combustion zone to produce 
substantially pure hydrogen which passes to the reaction zone (see claims 1 , 2, 4, 
7). However, there is no hydrogen product, all the hydrogen being consumed in 
the process. 

In D2 hydrocarbon feedstock is hydrocracked, the effluent passing to a separator 
to produce a recycle gas, from which a purge gas is removed and partially 
oxidized to form hydrogen which is then separated and passed back to the 
hydrocracking zone (see claims 1 , 4, 5 and 6). The process is not a net hydrogen 
producing process. 

Claim 1 meets the requirements of Article 33(2) PCT. 
Inventive Step 

1 . D1 and D2 are directed to recovering hydrocarbons (D1) or sulphur (D2) whilst the 
application is directed to recovering hydrogen and hydrocarbons. In the 
application the hydrocracking step is operated such that a large amount of lower 
boiling materials are produced, which in turn leads to an increase in the amount of 
hydrogen. In the prior art the production of low boiling materials is not suggested 
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and the hydrocracking process is a net hydrogen consuming process. Thus the 
claimed subject-matter is not derivable from either D1 or D2 and involves an 
inventive step. 

Certain Observations 

1 . The subject-matter of claims 1 1 and 13 is defined in terms of a result to be 
achieved so that it is rendered unclear, i.e. " is capable of converting at least...". 

Claims 1 1 and 13 do not meet the requirements of Article 6 PCT. 

2. The description at page 10 is not in agreement with new claim 8 since the catalytic 
partial oxidation process has not been amended to step. 
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5 Moreover, in order to operate such process no less than 

three different hydrocarbon charges have to be used to 
supply the main conversion processes. 

It has now been found that flexibility can be 
5 improved by further process integration to the extent 

that part of the product obtained in a hydrocracking 
operation should be used as feedstock for producing 
hydrogen which is used in the hydrocracking operation to 
produce the desired refinery products. The hydrocracking 
10 operation should be carried out in such a way that, 

depending on the product slate envisaged, a fraction is 
produced which can be used optimally in the production of 
hydrogen. This means that the process according to the 
present invention achieves the combined goals of 
15 reconstituting the feedstock by the treatment in the 

hydrocracker whilst at the same time producing or 
increasing the amount of the fraction which is elected to 
serve in toto or in part as feedstock for the hydrogen 
production facility to be used in the hydrocracking 
20 operation. 

The present invention therefore relates to a method 
for producing hydrogen and a hydroprocessed product from 
a hydrocarbonaceous feedstock by subjecting it to a 
catalytic hydrocracking treatment using hydrogen which 
25 has been at least partly produced from hydrocracked 

feedstock and subjecting at least part of the hydro- 
cracked feedstock, after having subjected it to a 
separation treatment in the event that hydroprocessed 
product is to be recovered, to a treatment to produce 
30 hydrogen in a single operation which hydrogen is at least 

partly recovered as product. 

The method according to the present invention 
comprises therefore in essence a hydrocracking operation, 
optionally a separation operation and a hydrogen 
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production operation provided with the appropriate feed 
inlet, product outlet (s) and hydrogen transfer line(s). 

The method according to the present invention can be 
carried out in a number of ways, depending on the nature 
of the feedstock, the severity of the intended hydro- 
cracking operation and the type and amount of the 
specific hydrocracked feedstock fraction to be used as 
feedstock for the hydrogen producing facility. 

Hydrocarbonaceous feedstocks which can be suitably 
applied in the method according to the present invention 
are those ranging from having an initial boiling point of 
about ambient to those having a final boiling point of 
about 650 °C, measured under standard conditions of 
temperature and pressure (20 °C and 1 atmosphere) . It 
will be clear that feedstocks which can be applied in the 
method according to the present invention do not need to 
have a boiling range profile encompassing the total range 
disclosed hereinabove. Feedstocks having a boiling point 
range such that their 90% boiling point (i.e. the 
temperature at which 90% of the feedstock would have been 
distilled off in a distillation process) lies in the 
range between 400 and 600 °C can be advantageously 
applied. Preference is given to feedstocks having a 90% 
boiling point in the range between 450 and 600 °C . Good 
results can be obtained with feedstocks having a 90% 
boiling point in the range from 475 to 550 °C . 

Examples of feedstocks which can be suitably applied 
are naphtha, kerosene and various types of gas oils such 
as atmospheric gas oil and vacuum gas oil. Also cycle 
oils can be suitably applied. Not only feedstocks from 
mineral origin but also from synthetic origin can be 
applied. Synthetic or semi-synthetic feedstocks are 
preferred from a low sulphur and/or nitrogen point of 
view as such feedstocks reduce the necessity of having 
sulphur and/or nitrogen removing processes forming part 
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of product upgrading. Hydrocarbonaceous materials formed 
from syngas via the so-called Fischer-Tropsch process 
form a very useful feedstock for the method according to 
the present invention as such feedstocks would obviate 
the need for sulphur and/or nitrogen treatment and 
removal facilities . 

It is possible that the hydrocarbonaceous feedstocks 
to be applied in the method according to the present 
invention contain also materials boiling below ambient 
temperature. Such materials may be present in the 
feedstock to be applied or can be added to such 
feedstock • Preference is made to the presence of lower 
hydrocarbons or hydrocarbon fractions such as liquefied 
petroleum gas. 

It is advantageous to. use a feedstock which contains 
between 5 and 40% by weight of material having a boiling 
point range which is higher than the boiling point range 
of the hydroprocessed product. 

Feedstocks containing sulphur containing materials 
can also be processed. Normally, the amount of sulphur 
will not exceed 5% by weight, and preferably will not 
exceed 3% by weight. Preference is given to feedstocks 
containing even lower amounts of sulphur, or no sulphur 
at all. 

It will be clear to those skilled in the art that 
extraneous hydrogen will have to be introduced in the 
context of the start-up of the method according to the 
present invention. Part or all of the hydrogen to be 
consumed during the hydrocracking step of the method 
according to the present invention will be generated in 
the hydrogen manufacturing unit forming part of the line- 
up . 

The catalytic hydrocracking treatment in according 
with the present invention can be suitably carried out at 
temperatures in the range between 200 and 550 °C, 
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preferably between 250 and 450 °C . Pressures up to 
400 bar can be suitably applied, preference is given to 
pressures in the range between 10 and 200 atmospheres. 
In the method according to the present invention at 
5 least part of the hydrogen to be used in the hydro- 

cracking treatment will be generated from hydrocracked 
feedstock. Therefore, catalyst are preferably used which 
are capable of converting not only that part of the 
feedstock which delivers the hydroprocessed product but 

10 also of converting other parts of the feedstock to such 

an extent that the remaining hydrocracked feedstock is a 
good source for hydrogen production. In other words r 
preference is given to catalysts which also produce large 
amounts of lower boiling materials (besides the hydro- 

15 cracked product) . 

Examples of catalysts which can be used in the 
hydrocracking treatment in accordance with the method in 
accordance with the present invention are zeolitic 
catalysts having a tendency to overcrack hydrocarbon- 

20 aceous material from a conventional point of view (in 

which as far as possible only those fractions of the 
feedstock are cracked which deliver the desired 
hydrocrackate whilst preserving as much as possible of 
the initial feedstock, or at least to the extent that 

25 liquid material will remain and therefore minimising the 

production of gaseous material). In the method in 
accordance with the present invention, it is advantageous 
to apply hydrocracking catalysts which are capable of 
producing besides the desired product (s) also a fair 

30 amount of lower boiling materials, which from a 

conventional hydrocracking point of view is not preferred 
at all. Examples of such catalysts can be based on 
zeolite beta, zeolite Y, ZSM-5, erionite and chabazite. 
It will be clear to those skilled in the art which 

35 specific zeolite material and which specific metal (s) 
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having hydrocracking capabilities can be used, taking 
into account that preference is given to catalysts giving 
rather high yields on relatively lights products as such 
products reduce the severity of that part of the process 
5 which is directed at the production of hydrogen. As an 

example suitable catalysts comprise zeolite beta 
containing one or more of Group VI and/or one or more of 
Group VIII metals. Examples of Group VI metals comprise 
Mo and W. Examples of Group VIII metals comprise Ni, Co, 

10 Pt and Pd. Suitable catalysts contain between 2 and 40% 

by weight of Group VI metals and/or between 0.1. and 10% 
by weight of Group VIII metals. Suitably, the catalysts 
are supported catalysts. Examples of suitable supports 
are alumina, silica, silica-alumina, magnesia, zirconia 

15 and mixtures of two or more of such supports. Alumina is 

a preferred support material, optionally in combination 
with silica-alumina . 

Also combinations of two or more catalysts can be 
suitably applied. Examples of catalyst combinations 

20 include so-called stacked-bed catalysts which comprise 

using different beds filled with (different) catalytic 
material. The choice of the specific combinations of 
catalyst beds will be dependent on the process mode 
envisaged as is known to those skilled in the art. 

25 An important embodiment of the method according to 

the present invention is one wherein kerosene and/or gas 
oil is (are) the hydroprocessed product (s) to be 
recovered from the process whilst hydrogen is produced in 
an amount exceeding the amount required to satisfy the 

30 internal needs of the process. 

The remaining hydrocracked feedstock, optionally in 
combination with part, or even all of the hydroprocessed 
product in cases when there is no direct outlet for that 
product, will then be subjected to a treatment to produce 

35 hydrogen in a single operation of which at least part is 
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recovered as product (in addition to the amount used to 
satisfy the hydrogen requirement (consumption) of the 
method according to the present invention) . The surplus 
hydrogen can be used as export hydrogen which as such is 
then available for various applications, such as chemical 
reagent or as a source for producing electricity. 

The process according to the invention allows for the 
production of hydrogen of good quality, i.e. hydrogen 
having a purity of at least 80%, preferably at least 90% 
which enlarges the window of operation. 

It will be clear that during start-up procedures, use 
will have to be made of an outside hydrogen source until 
the process is at least partly self-sufficient with 
respect to its hydrogen consumption. For instance, use 
can be made of hydrogen available in storage containers. 

As some hydrogen may already be present in the 
feedstock to the hydrogen-producing machine, it can be 
useful to separate it and use it as part of the amount of 
hydrogen needed to satisfy the hydrogen requirement of 
the process. This can be conveniently done by subjecting 
the hydrocracked feedstock to a separation process 
involving a membrane which will allow passage of hydrogen 
whilst retaining heavier molecules. Those skilled in the 
art know which membrane to use and how to operate such 
membrane . 

There are many processes known in the art which are 
capable of producing hydrogen from hydrocarbonaceous 
feedstocks. Those skilled in the art know such processes 
and how to operate them. Producing hydrogen in a single 
operation can be carried out in one vessel but optionally 
in two or more vessels such as in a unit which is 
composed of a catalytic partial oxidation step and one or 
more shift conversion steps. A convenient process is 
catalytic (partial) oxidation. Other suitable processes 
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are steam-methane reforming and catalytic dehydrogenation 
of lower alkanes such as propane or butane. 

A preferred hydrogen-producing system can be found in 
the combination of catalytic partial oxidation and the 
watergas-shif t reaction which last reaction, in essence, 
converts carbon monoxide, produced together with hydrogen 
in the catalytic partial oxidation reaction, in the 
presence of water (steam under the process conditions) to 
hydrogen and carbon dioxide. The net result of the 
combined catalytic oxidation/watergas-shif t reaction is 
that hydrocarbonaceous material is converted into 
hydrogen and carbon dioxide. 

Normally, the combined catalytic partial oxidation/ 
watergas-shif t process can be operated at a efficiency of 
at least 50%, calculated on hydrogen produced, preferably 
with an efficiency of at least 65%, calculated on 
hydrogen produced (not taking into account hydrogen 
present in the hydrocracked feedstock) . 

Suitable catalysts for the catalytic partial 
oxidation process in accordance with the method according 
to the present invention comprise one or more metals of 
Group VIII of the Periodic Table of the Elements 
supported on a carrier. Examples of suitable metals 
comprise rhodium, iridium and ruthenium as well as 
combination of two or more of these metals. Especially 
carriers having a high tortuosity can be suitably 
applied. Suitable process conditions comprise using 
oxygen: carbon molar ratios in the range between 0.30 and 
0.80, preferably between 0.45 and 0.75, and most 
preferably between 0.45 and 0.65; temperatures between 
800 °C and 1200 °C, in particular between 900 °C and 
1100 °C whilst using a gas velocity in the range between 
100,000 and 10,000,000 1/kg/hr, preferably in the range 
between 250,000 and 2,000,000 1/kg/hr. 
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An advantage of the method according to the present 
invention is that when hydrogen is produced as the main 
product , carbon dioxide is produced at the same time in 
appreciable amounts which may be useful for commercial 
operations such as for enhanced oil recovery or for 
heating purposes in the event that an appropriate infra- 
structure is available (such as urban communities and/or 
green-house agriculture) . 

Since feedstocks containing up to about 5 %wt of 
sulphur can be used in the method according to the 
present invention, the treatment with hydrogen will cause 
production of hydrogen sulphide. It will be clear that in 
such instances a further process step will be necessary 
to remove hydrogen sulphide from the hydrocracked 
feedstock and to convert it into sulphur. When the 
pressure is released prior to separating off the 
hydroprocessed product, hydrogen sulphide will be removed 
preferentially and can be sent to a further processing 
unit such as a SCOT-unit, or, if the concentration of 
hydrogen is large enough it can be fed directly to a 
CLAUS-unit. Those skilled in the art know such processing 
facilities and how to operate them. 

Various embodiments of the method according to the 
present invention can be schematically illustrated by 
means of Figure 1. 

In Figure 1 an embodiment is illustrated in which a 
sulphur-containing feedstock is processed in such a way 
as to deliver at least one hydroprocessed product to be 
recovered as marketable product together with hydrogen 
produced for use in the process according to the present 
invention as well as for export. 

A feedstock is introduced via line 1 into hydro- 
cracking unit 10 in which the feedstock is subjected to a 
catalytic treatment with hydrogen under hydrocracking 
conditions. Hydrogen is introduced into line 1 via 
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cracked feedstock via line 4 to hydrogen sulphide removal 
unit 30 whereafter the further steps are as depicted in 
Figure 1 . 

A further embodiment in accordance with the method 
according to the invention is that wherein use is made of 
a sulphur-free feedstock (i.e. of a feedstock of 
synthetic or semi-synthetic nature or of a feedstock 
which has already been subjected to a hydrodesulph- 
urisation treatment) - In such embodiment, it is not 
longer necessary to separate off a hydrogen sulphide 
containing hydrocracked feedstock (or to send the total 
hydro cracked feedstock to the (optional) hydrogen 
separating unit) which means that the process as 
schematically represented in Figure 1 is now operated 
without using hydrogen sulphide removal unit 30. 
Examples 

The method according to the present invention can be 
illustrated by the following prophetic examples. 
Example 1 

A hydrocarbonaceous feedstock having an IBP of 121 °C 
and a 90% boiling point of 533 °C and containing 0.02% by 
weight of sulphur can be passed (in an amount of 
10 tons/day together with 1.5 tons/day of hydrogen, 
representative for the hydrogen/feedstock ratio) over a 
zeolite beta type alumina supported catalyst in 
hydrocracking unit 10 under conditions to convert in 
single pass 90 %wt of the feedstock to lower boiling 
material. As product, 45 %wt, calculated on hydro- 
carbonaceous feedstock intake, of a hydroprocessed 
product (comprising kerosene and gas oil) can be obtained 
whilst the remaining hydrocracked feedstock can be sent 
to the hydrogen sulphide removal unit. After separating 
off hydrogen present in the hydrocracked feedstock (and 
returning it to the feedstock to be used as part of the 
hydrogen needed in the hydrocracking unit) after leaving 
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CLAIMS 

1. Method for producing hydrogen and a hydroprocessed 
product from a hydrocarbonaceous feedstock, by subjecting 
it to a catalytic hydrocracking treatment using hydrogen 
which has been at least partly produced from hydrocracked 
feedstock and subjecting at least part of the hydro- 
cracked feedstock, after having subjected it to a 
separation treatment in the event that hydroprocessed 
product is to be recovered, to a treatment to produce 
hydrogen in a single operation which hydrogen is at least 
partly recovered as product. 

2. Method according to claim 1, in which use is made of 
feedstocks ranging from those having an initial boiling 
point of about ambient to those having a final boiling 
point of about 650 °C . 

3. Method according to claim 2, in which use is made of 
feedstocks having a boiling point range such that their 
90% boiling point lies in the range between 400 °C and 
600 °C. 

4. Method according to one or more of claims 1-3, in 
which use is made of feedstocks having a sulphur content 
of not more than 5 %wt, preferably below 3 %wt . 

5. Method according to one or more of claims 1-4, in 
which a hydrocarbonaceous feedstock is used containing 
between 5 and 40 %wt of material having a boiling point 
range which is the same or higher than the boiling point 
range of the hydrocracked product to be recovered. 

6. Method according to one or more of claims 1-5, in 
which kerosene and/or gas oil are recovered as 
hydrocracked products from the hydrocracked feedstock. 

7. Method according to one or more of claims 1-6, in 
which part or all of the non-recovered material from the 
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treatment with hydrogen is subjected to a catalytic 
oxidation process which produces hydrogen and carbon 
(di) oxide . 

8. Method according to claim 7, in which the catalytic 

5 oxidation process comprises a catalytic partial oxidation 

process and a watergas-shif t process, 

9. Method according to one or more of claims 1-8 , in 
which kerosene and/or gas oil and hydrogen are produced 
from no feedstocks other than the hydrocarbonaceous 

10 feedstock and water used in the watergas-shif t step. 

10. Method according to one or more of claims 1-9, in 
which hydrogen sulphide generated by the hydrocrackang 
treatment is converted into elemental sulphur by 
conventional means . 

15 11. Method according to one or more of claims 1-10, in 

which use is made of a catalyst system capable of 
converting at least 50 %wt, preferably at least 65 %wt of 
the material having a boiling point range which is higher 
than the boiling point range of the hydroprocessed 

20 product . 

12. Method according to claim 11, in which use is made of 
a hydrocracking catalyst containing zeolite beta as 
active component. 

13. Method according to claim 12, in which the zeolite 
25 beta-based catalyst is capable of converting at least 

90 %wt of the fraction to be treated to obtain the 
hydroprocessed product. 

14. Method according to one or more of claims 11-13, in 
which the hydrocracking treatment is carried out at a 

30 temperature between 200 and 550 °C, preferably at a 

temperature between 250 and 450 °C. 

15. Method according to one or more of claims 11-14, in 
which the hydrocracking treatment is carried out at a 
pressure up to 400 atmospheres, preferably at a pressure 

35 between 10 and 200 atmospheres. 
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16. Method according to one or more of claims 7-15/ in 
which the hydrogen generated by the catalytic oxidation 
step has been produced at least partly from hydrocarbons 
containing at most* 4 carbon atoms present in the 

5 hydrocarbonaceous feedstock or as produced during the 

hydrocracking treatment . 

17. Method according to claim 16, in which the feedstock 
to the catalytic oxidation step consists of hydrocarbons 
having 4 or less carbon atoms. 

10 18. Method according to one or more of claims 1-17, in 

which hydrogen is separated off from the hydrocracked 
feedstock and from the hydroprocessed product if the 
latter is not to be recovered prior to the hydrogen 
manufacturing step . 
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